INTRODUCTION

1
While deep brain stimulation (DBS) is an established therapy for essential tremor 4 2 (Benabid, et al., 1991 ), Parkinson's disease (PD) (Benabid, 2003; Group, 2001) , and dystonia 4 3 (Coubes, et al., 2004) , the recent use of DBS is expanding into the realm of neuropsychiatric 4 4 disorders, i.e., obsessive-compulsive disorder (OCD) (Greenberg, et al., 2010; Greenberg, et al., 4 5 2006; Mallet, et al., 2008) , treatment-refractory depression (TRD) (Denys, et al., 2010; Mayberg, 4 6 et al., 2005; Schlaepfer, et al., 2008) , addiction (Kuhn, et al., 2009; Kuhn, et al., 2007) , and 4 7 Tourette's syndrome (TS) (Houeto, et al., 2005; Servello, et al., 2008 Figure 1a outlines the experimental timeline. After initial sedation and intubation, the 1 0 8 animal was delivered to a scanner for imaging for individual anatomical scan (25 minutes 36 1 0 9 seconds) The anatomical scan was followed by a resting-state functional MRI (6 minutes 30 1 1 0 seconds). After resting-state functional imaging, electrode implantation surgery was followed (2 1 1 1 hours) and the DBS-fMRI experiment was carried out (6 minutes 30 seconds). 1 1 2 1 1 3 Anatomical imaging 1 1 4 High-resolution anatomical T1-weighted images were obtained with a GE 3-Tesla Signa 1 1 5 Excite scanner using a custom-built 8-channel surface-type radio frequency (RF) coil with 1 1 6 following imaging protocols: A 3D magnetization-prepared radio-frequency pulses and rapid 1 1 7 gradient echo (MP-RAGE) sequence, TR/TE = 8.06/3.3 ms, inversion time = 1000 ms, flip angle 1 1 8 = 8°, slice thickness = 0.8 mm, matrix size = 300 × 300 × 108, field of view (FOV) = 240 × 240 × 1 1 9 87 mm 3 , average number = 2, and total scan time = 25 min 36s. NAc of the left hemisphere (Knight, et al., 2013; Min, et al., 2012) . The coordinates (arc, collar, 1 3 0 and depth) on a stereotactic frame (Leksell, Elekta Co, Stockholm, Sweden) were determined by 1 3 1 COMPASS planning software (COMPASS International Innovations, Rochester, MN) based on 1 3 2 NAc location identified from individual subject's anatomical brain images (Kim, et al., 2013 ) 1 3 3 ( Figure 1b ). Micro drive (Alpha Omega Co., Alpharetta, GA) were used to guide the implantation 1 3 4 of a DBS lead. 1 3 5 1 3 6 DBS stimulation parameters and DBS-fMRI acquisition 1 3 7 Following DBS surgery, each animal underwent functional imaging with simultaneous 1 3 8 NAc stimulation. Each stimulation block consisted of a 6 second stimulation train followed by a 1 3 9 60 second stimulation off period ( Figure 1a ). The block was repeated five times per scan with the 1 4 0 initial baseline period. The total time per a scan was 6 minutes and 30 seconds. The imaging 1 4 1 parameters were the same with those in the resting-state scan were used. 1 4 2 The stimulation parameters were selected based on previous results of our study wherein 1 4 3 we found the robust and reproducible BOLD activation in multiple trials across different subjects 1 4 4 (Knight, et al., 2013; Min, et al., 2012; Paek, et al., 2015; Settell, et al., 2017) . The stimulation 1 4 5 parameters were as followed: biphasic and bipolar pulse, voltage = 5 volts, pulse frequency = 130 1 4 6 hz, pulse duration = 100 μ sec. 1 4 7 1 4 8 fMRI data pre-processing 1 4 9
Resting-state and DBS-fMRI data were processed by using AFNI software (Cox, 1996) . 1 5 0 Animal physiological data was collected to remove image artifact. Respiration cycle and cardiac 1 5 1 pulsations were measured by a respiratory bellows positioned at the level of the abdomen and a 1 5 2 pulse oximetry placed on the animal's left ankle. Data was recorded though the scanner (3T Signa 1 5 3 Excite MRI scanner, GE Medical Systems, WI) and timing was synchronized with scan start and 1 5 4 stop of EPI sequence. To remove physiological artifact, regressors for modeling respiration and 1 5 5 BOLD signal in broad cortical and subcortical areas (Asanuma, et al., 2006; Fukuda, et al., 2004 ; 4 0 2 Haslinger, et al., 2003; Jech, et al., 2001; Le Jeune, et al., 2010; Min, et al., 2012; Rezai, et al., 4 0 3 1999) . Our results also showed that NAc-DBS resulted in diffused BOLD activation across the 4 0 4 ipsilateral hemisphere in keeping with the 'network effect' as observed for the established DBS 4 0 5 sites. Taken together, it appears that DBS has both local and global modulatory effects, thus 4 0 6 inicating that there must be a certain neurobiological mechanism that propagates local modulation 4 0 7 to global areas in a brain. 4 0 8 4 0 9 Functional connectivity involved in the propagation of NAc-DBS effect 4 1 0 While it is clear that NAc-DBS induces remote BOLD activations, an anatomical 4 1 1 connection between NAc and the regions cannot fully explain the highly diffused pattern of 4 1 2 activation spread. Some of the activated areas appear to be anatomically linked to the NAc. For 4 1 3 example, major connections exist between NAc and prefrontal regions as shown by DTI 4 1 4 investigation (Britt, et al., 2012; Brunenberg, et al., 2012; Lehéricy, et al., 2004; Leh, et al., 2007) . 4 1 5
The 'indirect' (Damoiseaux and Greicius, 2009; Montaron, et al., 1996) , 'hyper-direct' pathway 4 1 6 (Brunenberg, et al., 2012; Nambu, et al., 2002) or the recurrent loops (Leblois, et al., 2006) (Paek, et al., 2015) . However, the modulatory 4 3 9 effect of DBS, in general, depends on the stimulation frequency, it also should be noted that the 4 4 0 similar efficacy of modulation could be achieved in high frequency stimulation at the above a 4 4 1 certain threshold (40 hz) (Albaugh, et al., 2016 (Liu, et al., 2013) .A burst suppression of the neuronal 4 5 3 population was found in cases where high doses of isoflurane (Liu, et al., 2010; Vincent, et al., 4 5 4 2007) , suggesting that isoflurane as an anesthetic agent may have an impact on both 4 5 5 hemodynamic and neuronal activity in a brain. In contrast to the high concentration, however, 4 5 6 electrical stimulation-evoked BOLD activation was preserved when a relatively lower 4 5 7 concentration of isoflurane anesthesia (<1.3%) was used (Knight, et al., 2013; Min, et al., 2012; 4 5 8 Paek, et al., 2015) , suggesting that the impact of isoflurane anesthesia would be highly variable 4 5 9 and would be dependent on the dose. Although we cannot completely rule out the possibility that 4 6 0 BOLD activation and rsFC measurements were suppressed, and that the amplitude of BOLD 4 6 1 activation and rsFC measurement was underestimated in our study, we were able to observe a 4 6 2 robust amplitude (0.3-1.3% signal change from the baseline) and temporal pattern of BOLD 4 6 3 activation that are consistent in previous fMRI results (Knight, et al., 2013; Min, et al., 2012; 4 6 4 Paek, et al., 2015; Settell, et al., 2017 (Abelson, et al., 2005; Figee, et al., 2013; Greenberg, et al., 2010; 4 7 5 Greenberg, et al., 2006; Nuttin, et al., 2003; Rauch, et al., 1994) , thus providing potential efficacy 4 7 6 for treating such mood disorders (Bewernick, et al., 2010; Bewernick, et al., 2012) . The subjects 4 7 7 in our study were healthy animals, but a large animal model in our study simulates the human 4 7 8 brain anatomy (Van Gompel, et al., 2011) , thus providing insights into how the modulation of 4 7 9 these networks might underlie the potential therapeutic efficacy of human NAc-DBS. respectively, demonstrating that resting and stimulation-state connectivity could predict FC 8 5 6 change in a given ROI pair. 8 5 7 8 5 8 Figure 10 . Assessment of electric current-induced EPI image artifact (a single subject 
